The influence of both the Rossby number and the Hartmann number on the hydromagnetic stability of a thin liquid film flowing down along the surface of a vertical cylinder is investigated. The long-wave perturbation method is employed to solve for generalized nonlinear kinematic equations with a free film interface. The normal mode approach is used to compute the stability solution for the film flow. The modeling results indicate that the stability of the liquid film is enhanced by increasing the strength of the magnetic field or reducing the speed at which the cylinder rotates. By contrast, the flow becomes relatively more unstable as the cylinder radius is increased at larger values of the Rossby number. Notably, this finding is the opposite of that observed for film flows along a stationary vertical cylinder.
INTRODUCTION
The problem of fluid films flowing along vertical plates or cylinders is of practical interest in many engineering applications, including heat exchangers, condensers, nuclear reactors, coating systems, and so forth. When coating a moving substrate with a thin liquid film, even macroscopic instabilities of the film system can result in a non-homogenous film growth. Thus, it is essential that the underlying flow characteristics and time-dependent properties of the fluid film are thoroughly understood in order to ensure the quality of the coating results.
Kapitza [1] first studied the stability of film flow over an inclined plane. The momentum integral method was used to predict the velocity profile of boundary layer and to study the stability of the layer flow. The stability of an ordinary viscous fluid film with a free surface flowing down an inclined plane under the effects of gravity was first formulated and solved numerically by Yih [2] . In later studies, Benjamin The hydrodynamic stability of fluid films flowing along a vertical cylindrical surface has attracted particular attention due to its relevance to numerous industrial applications. Lin and Liu [9] compared their analytical solutions for a falling flow film on a cylinder and a creeping annular flow thread in a viscous fluid with existing experimental results. Krantz and Zollars [10] presented an asymptotic solution for the linear hydrodynamic stability of a film flowing down a vertical cylinder and showed that the stability of the thin-film system was dependent on the radius of curvature of the cylinder. Specifically, it was shown that the film flow became increasingly unstable as the cylinder radius was reduced. This phenomenon is not found in planar flow. Rosenau and Oron [11] derived an amplitude-based equation to describe the evolution of a disturbed free film surface traveling down an infinite vertical cylin-
